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Role of duplex scanning for the detection of atherosclerotic renal artery
disease. To assess the accuracy of renal artery duplex scanning for the
purpose of diagnosing atherosclerotic renal artery stenosis, we com-
pared the findings of renal arteriograms to the results of duplex scanning
in 41 patients. Using an increase of renal artery peak systolic flow
velocity of greater than 180 cm/see, duplex scanning was able to
discriminate normal from diseased renal arteries with a sensitivity of
95% and a specificity of 90%. Using the principle that blood flow
velocity across a stenosis is roughly proportional to the degree of
stenosis, it appeared that a ratio of the peak velocity in the renal artery
to the aorta (RAR) of greater 3.5 predicted a greater than 60% diameter
reduction of that renal artery, which is felt to be a significant stenosis,
Forty-eight vessels were classified as having a greater than 60%
diameter reduction by arteriography. Using the RAR of greater than
3.5, duplex scanning agreed in 44 renal arteries (sensitivity 92%). In the
26 renal arteries where arteriography showed a less than 60% diameter
reduction, duplex scanning agreed in 16 vessels and correctly detected
a focal narrowing in nine of the remaining ten vessels. Ten of 11
occluded renal arteries were correctly identified by duplex scanning.
Duplex scanning determined the location of the renal artery lesion with
an accuracy of 95% (kappa 0,74). Since duplex scanning can accurately
demonstrate and locate focal renal artery stenosis, we believe it may
become an accurate screening test for renovascular hypertension. A
renal artery velocity increase to greater than 180 cm/s is an accurate
predictor of renal artery disease, and a RAR of greater than 3.5 is an
accurate predictor of a significant renal artery stenosis.
Epidemiologic studies suggest that renovascular disease is
responsible for hypertension in approximately 1 to 3% of the
general hypertensive population and is the most common cause
of secondary hypertension [1]. In patients whose hypertension
acutely worsens, in patients with malignant hypertension, and
in patients referred to specialty centers for difficult-to-control
hypertension, the prevalence of renovascular disease is about
30% and may be as high as 45% in patients with both acceler-
ated hypertension and renal failure [2, 3].
Since renovaseular hypertension is the most frequently en-
countered form of potentially curable hypertension it is impor-
tant to identify patients with renal artery disease. The diagnosis
of renovascular hypertension or ischemic renal failure has two
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requirements: demonstration of a renal artery lesion; and proof
that this lesion is functionally significant. To date, the most
reliable test for the demonstration of functional significance has
been measurement of renin levels in both renal veins. Unfortu-
nately, measurement of renal vein renins cannot be used for the
determination of functional significance of lesions in patients
with bilateral disease, it involves invasive and expensive test-
ing, and is not infallible.
Until recently, renal arteriography was the only accurate
diagnostic test to identify renal artery lesions, but it cannot be
recommended as a routine screening tool because of its expense
and the potential for complications, as well as the fact that it
does not demonstrate functional significance of lesions [4]. Less
invasive radiologic screening tests such as rapid sequence
intravenous urography have been evaluated extensively, but
have not been proven to have a sufficiently high sensitivity or
specificity to be used as routine screening tests for renovascular
disease [3, 5].
More recently tests involving the administration of captopril,
an angiotensin converting enzyme inhibiting compound, with
measurement of either blood pressure and peripheral vein
renins or the measurement of renal function by nuclear medi-
cine techniques have been used to determine the functional
significance of renal artery lesions [6, 7]. While these tests
initially have shown a great deal of promise, their transition into
routine clinical practice has been disappointing [8—101.
Ultrasonic duplex scanning combines a B-mode ultrasound
image with a pulsed Doppler unit to obtain flow velocity
information from known locations along a visualized vessel.
The method has gained wide acceptance in the diagnosis of
carotid artery occlusive disease and the evaluation of renal
allografts [11, 121. With the introduction of low frequency
scanheads which allow penetration of the ultrasound beam to
greater depths, duplex scanning is now being applied to intra-
abdominal vessels including the renal arteries [13, 141.
We have previously published our preliminary experience
with duplex scanning for the diagnosis of renal artery disease
[15, 16]. These studies suggested that the method was capable
of detecting a greater than 60% diameter reduction of the renal
artery with a high sensitivity and specificity.
We chose to use 60% as our cutoff for significant disease
because of the work of Hamovici and Zinicola [171. In canines,
they demonstrated that renal artery stenoses up to 50% diam-
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eter reduction neither caused a pressure drop across the lesion
nor caused any apparent abnormalities in renal function. In this
acute model, stenoses of 60% or greater caused both a reduc-
tion in pressure in the artery distal to the lesion and non-
visualization of the kidney on pyelography.
Because our initial studies appeared promising, we began
utilizing duplex scanning for screening patients suspected of
having renal artery stenosis. In the past 2.5 years we have
scanned 431 patients. From this group there were 47 patients
who underwent arteriography. The purpose of this report is
threefold: (1.) review our accuracy in detecting high grade
stenoses; (2.) determine the accuracy of using an absolute
velocity end-point that could be used to detect the presence of
renal artery narrowing; and (3.) test the interobserver variabil-
ity of the radiologic estimation of the status of the renal arteries.
Methods
Between January 1, 1987 and August 31, 1989, 431 patients
underwent duplex scanning of their renal arteries in the Vascu-
lar Diagnostics Laboratory at the University of Washington.
The medical records of all patients in this group who subse-
quently underwent arteriography at the discretion of their
referring physician were reviewed. Six patients with fibromus-
cular dysplasia diagnosed by arteriography were excluded from
the study because of the difficulty the radiologists had in
accurately classifying the degree of stenosis from the arterio-
grams. The data obtained from the charts of the remaining 41
patients forms the basis of this report.
Forty-five renal arteriograms were performed in the study
group. In three patients a total of seven arteriograms were
performed (two patients had two arteriograms and one patient
had three arteriograms) because of progression of previously
detected and treated (transluminal angioplasty) renal artery
disease. In one patient with three serial arteriographic studies
an occlusion of the left renal artery was seen on the initial films.
This side was excluded from comparison for the subsequent
two studies. In three patients duplex scanning revealed a
stenotic renal artery on one side and an incomplete examination
on the other. Thus a total of 85 renal arteries (41 patients) were
available for comparison.
The 41 patients studied consisted of 27 males and 14 females
with a mean age of 63 10.9 years. Hypertension was present
in 41 cases (100%) and diabetes was present in 9 cases (22%).
Twenty-seven cases (66%) suffered from renal failure [creati-
nine greater than 115 sm/liter (1.3 mg/dl)]. Mean systolic and
diastolic blood pressure was 175 27 mm Hg and 94 19 mm
Hg, respectively. Mean creatinine level was 202 153 mIliter
(2.28 1.7 mg/dl; range 80 to 887 smIliter).
Normal values for renal artery flow velocity had been previ-
ously determined in our lab by duplex measurements made in
healthy subjects: 16 males and 26 females with a mean age of 54
years and mean systolic and diastolic blood pressures of 129
and 76 mm Hg, respectively.
The studies were performed in a supine position using a
duplex scanner with a 3 or 5 MHz transducer (Ultramark 8 or 9
duplex scanner, Advanced Technology Laboratories, Bothell,
Washington, USA). In patients where the image of the artery
was not optimal the vessel could be identified by the character-
istic velocity waveform. The kidney size was measured on the
B-mode image and parenchymal abnormalities noted. We were
able to perform a satisfactory study in 375 of 431 cases (87%)
studied during this same time period, including patients who did
not have angiography. Incomplete studies occurred either due
to the presence of bowel gas or obesity. Color duplex scanning
was used in selected cases. Since the criteria evaluated are
determined by the Doppler spectra, color imaging is used only
as an adjunct in vessel localization and is not necessary to
perform the measurements.
Peak systolic velocities of the renal artery and the aorta were
used to calculate the ratio between the two (renal-aortic ratio,
RAR). The ratio was used in our previous studies to classify
renal artery stenosis as greater or less than 60% diameter
reduction [15].
Complete occlusion was diagnosed if the vessel was visual-
ized but no flow signal was detected. Additional clues were the
finding of a low amplitude velocity signal in the renal paren-
chyma or a kidney less than nine cms in the longitudinal view.
The majority of the arteriograms were performed using the
intraarterial digital subtraction method (DSA). Multiple oblique
views were not regularly obtained, usually in an effort to limit
contrast load because of decreased renal function. The films
were reviewed at a later date by two independent observers
(S.C. and M.G.) who were unaware of the results of the duplex
examination, clinical history, or initial arteriographic interpre-
tation. The status of the renal artery was graded into four
categories: normal; less than 60% stenosis; greater than 60%
stenosis; and occluded. Mismatches between the first two
readers were reviewed by a third radiologist (J.H.) who was
unaware of the results of the duplex study and the interpretation
of the two other observers. The arteriographic readings that
were compared to duplex scanning were the results of the first
two radiologists when they agreed and that of the third radiol-
ogist when the first two disagreed.
The location of the lesions were categorized into origin,
proximal, mid and distal part of the renal artery. This determi-
nation was made by dividing the renal artery into three equal
portions either on the angiogram or during the duplex scan.
Determination of location by duplex and arteriography was
considered to agree if they did not differ by more than one site
within the artery.
In order to evaluate agreement between the results of the
duplex examination and arteriography sensitivity, specificity,
positive predictive value, negative predictive value, and kappa
scores were calculated. The kappa score compares categoric
data. A kappa value of 0 indicates agreement no better than
chance alone, a value of 1 indicates perfect agreement [18].
Results
Thirty-eight of 41 patients included for comparison with
duplex were found to have atherosclerosis as the cause of renal
artery disease. One patient had a dissection of one renal artery
resulting in a high grade stenosis and another patient presented
with embolization of both renal vessels.
Diagnosis of renal artery disease using velocity
To evaluate the usefulness of the renal artery peak systolic
flow velocity to discriminate a normal vessel from a diseased
renal artery we plotted the velocity of normal (no pathology)
and diseased (both greater and less than 60% stenoses) arteries
(Fig. 1). The mean velocity of the normal arteries was 138 63
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Table 1A. Arteriography versus duplex scanning for detection of a
diseased renal artery
Arteriography
Duplex Normal Abnormal Total
Velocity < 180 cm/sec 9 3 12
Velocity > 180 cm/sec 1 61 62
Total 10 64 74
Table lB. Interobserver variability of two radiologists reading the
same film
Radiologist 1
TotalNormal Abnormal
Radiologist 2
Normal 9 3 12
Abnormal 1 61 62
Total 10 64 74
cm/sec and that of the diseased arteries was 370 149 cm/sec.
Three diseased arteries had a flow velocity less than 180 cm/sec
and only one normal artery exhibited a velocity greater than 180
cm/sec. Compared to the mean renal artery flow velocity of 104
25 cm/sec found in a separate group of normal controls the
cut-off point of 180 cm/sec was well above the mean plus two
standard deviations. Table 1A shows the crosstabulation for
duplex scanning versus arteriography which results in a sensi-
tivity of 95% [95% confidence interval (CI) 90 to 100%] and a
specificity of 90% (95% CI 71 to 109%).
To assess the interobserver variability of arteriography the
readings of the first and the second radiologist were compared
(Table 1B). The two observers agreed in the diagnosis of a
normal or a diseased artery 94% of the time (kappa = 0.74).
Sensitivity and specificity was 95% (95% CI 90 to 100%) and
90% (95% CI 71 to 109%), respectively. The interobserver
variability was equal to the variability between duplex and the
interpretation of the radiologists.
For 58 of the 61 vessels where both duplex and angiography
found disease both methods agreed in the location of the lesion
(Table 2). In two renal arteries duplex scanning found a stenosis
in the mid and in one renal artery in the distal part of the vessel,
whereas arteriography showed the lesions at the origin and the
proximal part, respectively. In each of the three mismatches
Table 2. Localization of renal artery stenosis
Duplex vs. Radiologist 1 vs.
angiography Radiologist 2
Accuracy 95% 100%
Kappa 0.74 1.0
Accuracy of duplex scanning compared with arteriography and of
two independent arteriographic readings of the same film.
examination was difficult because of bowel gas such that the
renal artery was not well visualized on B-mode. The accuracy
of these results were close to the accuracy of the two radiolo-
gists reading the same film where a perfect agreement was
found (Table 2).
Diagnosis of a significant renal artery stenosis using renal
aortic ratio
In order to estimate the severity of a renal artery lesion, we
used a RAR of greater than 3.5 as the indicator for a greater
than 60% diameter reduction [15]. Of the 48 vessels diagnosed
as having a greater than 60% diameter reduction by arteriogra-
phy duplex scanning agreed in 44 renal arteries resulting in a
sensitivity of 92% (95% CI 84 to 99%) (Fig. 2, Table 3). The four
duplex scans that failed to show a greater than 60% stenosis
included one patient with a RAR of 3.3 and one patient with a
common origin of two renal arteries on the left of which only
one was significantly narrowed. In one patient a very short
lesion was missed by duplex scanning.
There were 26 arteries that had a less than 60% stenosis or
were normal by arteriography. In 16 cases, the RAR was less
than 3.5, giving a specificity of 62% (95% CI 43 to 80%). The
breakdown of the ten cases where the RAR and arteriographic
results differed is as follows:
(1) Only one of the ten renal arteries was normal;
(2) In the remaining nine case, both the arteriograms and
duplex scans revealed a stenosis with the disagreement
being on the degree of narrowing. Typical examples of
agreements and disagreements are shown in Figures 3 and
4;
(3) In four of the cases where a stenosis of less than 60% was
found by arteriography but the RAR was greater than 3.5,
I
600 I...I
...u.
a...
400 •.....aau
•lu..a.u..
300
200
100
0
Normal Disease
Fig. 1. Peak systolic velocities for renal arteries
that were normal (open boxes) or demonstrated a
focal non-occlusive lesion (filled boxes) on
arteriography.
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Table 3. Arteriography versus duplex scanning for detection of a
greater than 60% diameter reduction
Duplex
Arteriography stenosis
Total<60% >60%
RAR<3.5 16 4 20
(Normal)
RAR>3,5 10 44 54
(Abnormal)
Total 26 48 74
three were treated by angioplasty and one by direct surgical
repair successfully.
Diagnosis of renal artery occlusion and accessory renal
arteries
Ten of 11 occluded arteries were identified correctly by
duplex scanning. Seven kidneys had single accessory renal
arteries identified by arteriography none of which were
stenotic. Duplex scanning did not identify any of the accessory
vessels.
Discussion
The identification of patients with renovascular hypertension
is an important clinical objective since treatment of renal artery
stenosis may not only improve the control of refractory hyper-
tension but may also preserve or improve renal function [19,
20]. Moreover, studies have shown continuous deterioration of
renal function in medically treated patients documenting the
progressive nature of renal artery disease despite controlling
blood pressure [21, 221.
Duplex scanning of the renal arteries has been recently used
to screen patients for renovascular disease with very promising
results. Greene et al and Avasthi et al found a sensitivity of 83%
and specificity of 73% for detecting renal artery stenosis greater
than 50% based on the presence of one or more of the following:
peak renal artery velocity greater than 100 cm/sec, absence of
flow during diastole, and the detection of turbulent blood flow
as noted by the audible nature of the Doppler signal [13, 14].
Others have suggested parameters such as peak frequency, the
presence of a bruit and features of spectral waveforms such as
spectral broadening and an abrupt drop in peak velocity from
one site to another [23—25]. We use the ratio of the peak systolic
velocity in the renal artery to that in the aorta (RAR) to
diagnose a diameter reduction of the renal artery of equal to or
greater than 60% [15, 16].
The data presented were gathered over the last 2.5 years
during which we routinely used duplex to screen for renovas-
cular disease in our clinical laboratory. Based on 74 nonoc-
cluded renal arteries in this study, we found that the renal artery
peak systolic velocity is a reliable parameter for discriminating
between a normal and a diseased vessel. Using a value of
greater than 180 cm/sec the criterion was very sensitive and
specific (95% and 90%) for detection of a diseased artery.
Compared with the variability of two radiologists reading the
same films, duplex scanning was as accurate as arteriography
for detecting the presence of disease. Although specificity is
calculated from only a small number of normal vessels, the
value of 180 cm/sec appears to be an adequate cut-off value for
differentiating a normal artery from one which has disease.
We had not previously used peak systolic velocity to differ-
entiate a normal from diseased renal artery. This was due to the
fact that our initial clinical interest had been only to discover
high grade lesions. However, it became apparent that what
appear to be lesser grade lesions can be important since it is not
always possible to predict functional significance of a lesion by
either its arteriographic appearance or the degree of velocity
change that is detected. Thus in this study we have defined
duplex criteria for the diagnosis of a diseased renal artery.
Another important finding of our study was that duplex
scanning is capable of determining the location of a renal artery
lesion with a high accuracy (95%) which is close to the accuracy
of the two radiologists reading the same film (100%). Knowing
the location of a renal artery lesion may be helpful to the
radiologist in performing the contrast study.
Using the RAR to predict a significant, that is, a greater than
60% diameter reduction of a renal artery, we found a high
sensitivity of 92% which is similar to that we have previously
reported [15, 16]. Thus when clinically significant renal artery
stenosis is present there is a high correlation between the two
diagnostic methods. In contrast to previous studies we have
performed, the specificity of RAR in predicting a greater than
60% diameter reduction was 62%. A review of the arteriograms
in the false positives to determine the reason for this decrease
revealed that in nine of ten cases there was a stenosis in the 50
to 60% range (Fig, 3). Therefore these cases were false-
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<60% Stenosis
by arteriography
> 60% Stenosis
by arteriography
Fig. 2. Renal aortic ratios (RARs) for renal
arteries that had less than (open boxes) or
greater than (filled boxes) 60% diameter reducing
lesions on arteriography.
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Fig. 3. Spectral waveforms from a patient with a narrowing of the right renal artery reducing the diameter more than 60%. Peak systolic velocity
in the area of the stenosis (A) is 450 cm/sec and is 6.0 times greater than the peak systolic velocity of 75 cm/sec in the adjacent aorta (B).
positives only in the sense that they did not meet study criteria,
not that there was no renal artery disease present.
The incidence of renal artery disease in the group is ex-
tremely high, due to the nature of the group selected for study
(those patients undergoing renal artery duplex and arteriogra-
phy. The positive and negative predictive value of the tests in
this select population cannot be extrapolated to the general
population, which has a much lower prevalence of renal artery
disease.
When a stenosis in the renal artery is in the critical range
around 60%, which, as indicated by Hamovici and Zinicola [171,
is the range where stenoses become functionally significant,
duplex scanning is superior to arteriography in determining the
significance of a renal artery stenosis. Whereas arteriography
measures the degree of anatomical narrowing, the duplex scan
measures the hemodynamic significance of that stenosis. Hence
duplex scanning results should correlate better with the out-
come of intervention. Norris and coworkers have shown in an
animal model of renal artery stenosis a progressive increase in
peak velocity with increasing degrees of stenosis [23]. They
found that the RAR discriminated between lesions that did or
did not produce a pressure gradient. Thus, the hemodynamic
significance of a renal artery lesion may be better determined by
duplex scanning than by arteriography. Supporting this view,
four of the ten vessels in which there was a disagreement
between arteriography and duplex scanning were treated by
angioplasty or bypass operation with control of the hyperten-
sion despite the fact that the degree of narrowing predicted by
arteriography did not appear to be greater than 60%.
Although arteriography is considered the gold standard for
the diagnosis of renal artery stenosis, the results may be
misleading especially when multiple oblique views are not
obtained. This shortcoming has been stressed by several au-
thors who have demonstrated that multiple oblique views
significantly increase the number of significant stenoses de-
tected [3, 26]. Although conventional films with multiple
oblique views are recommended in order to get the best images
and information, the radiologist often must limit the amount of
contrast material by using intraarterial DSA and limited views.
The patient with renal artery disease and renal failure requires
limiting the amount of dye injected to the minimum quantity
necessary to prevent further damage to the kidneys. The high
prevalence of renal failure (73%) in our study population led to
limiting the amount of contrast material that was injected and
the number of views used.
Duplex scanning was not able to detect any of the seven
accessory renal arteries demonstrated by arteriography. Since
none of them were found to be narrowed this was of no clinical
significance. However, in the presence of a normal main renal
artery this limitation may occasionally result in a false negative
result if an accessory branch serving a considerable part of the
renal parenchyma is diseased.
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Fig. 4. Flow velocity signals from a patient with
a left renal artery stenosis. By arteriography the
stenosis was classified as a less than 60%
diameter reduction. Peak systolic velocity in the
area of the stenosis (A) was 400 cmlsec. The ratio
between the renal peak systolic velocity and that
of the aorta (75 cmlsec, B) was 5.3, indicating a
greater than 60% diameter reduction.
We excluded all patients with fibromuscular dysplasia from
this study. These patients were excluded because of the diffi-
culty interpreting the arteriograms. The degree of stenosis of
web-like lesions in the renal artery are not easily measured by
arteriography, especially when the DSA technique is used. It is
our feeling that duplex scanning is better than arteriography in
the evaluation of patients with fibromuscular disease because
duplex scanning allows interpretation of the hemodynamic
effect of a series of stenoses.
Captopril supplemented nuclear medicine renography and the
response of blood pressure and peripheral renin have recently
been suggested as accurate diagnostic tests for renal artery
disease [5, 7, 271. While preliminary small studies show capto-
pril renography to be accurate in the diagnosis of unilateral
renal artery disease, its overall clinical role remains to be
determined [5]. Reported sensitivities and specificities in a
highly selected group of patients with unilateral renal artery
stenosis are 80% and 100% [27]. The future of captopril angi-
ography as a routine screening test for renovascular hyperten-
sion or ischemic renal failure is much less clear. While captopril
renography may be an accurate test in patients with unilateral
renal artery stenosis it may not clearly differentiate bilateral
renal artery disease from renal parenchymal disease. Yet a large
percentage of patients with fibromuscular disease involving
both renal arteries and a smaller but significant portion of
patients with atherosclerosis have bilateral disease which would
markedly decrease the overall accuracy of the test if it were to
be used as a screening test. In this study 24 patients (59%) were
found to have bilateral disease.
The clinical status of the measurement of blood pressure and
peripheral renin response to a dose of captopril remains Un-
clear. The initial study, performed in a research environment,
was quite successful. Subsequent studies, performed in clinical
environments have been much less successful, with one study
"cm/s
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reporting a sensitivity of only 39% [8, 9]. Both studies showed
that renal failure markedly decreased the accuracy of the test.
More work will have to be done to determine if this test should
be widely used in clinical situations [101.
Duplex scanning has a number of advantages over captopril
testing, namely it does not require the administration of radio-
nucleotides or the discontinuation of anti-hypertensives, de-
tects bilateral disease, and can be performed safely and without
modification in the presence of renal failure or a hypertensive
crisis. Moreover, even if captopril testing were to prove to be as
accurate as duplex scanning, it does not give anatomic infor-
mation about the stenosis or its location.
Duplex scanning has many advantages over arteriography as
the procedure of choice in the initial investigation of any patient
suspected of having renal artery stenosis. Not only is it risk free
and noninvasive but it is easier to schedule, is completely
atraumatic, costs less, is well tolerated by even the sickest and
most demanding patient, and can be performed safely on
patients with renal failure. In the approximately 10% of patients
in whom the test cannot be performed because of bowel gas or
obesity, a repeat test at a later date is often successful. The
availability of this technique in our institution as well as the
recent interest in hypertensive or nonhypertensive ischemic
renal disease [22] has resulted in the more frequent investiga-
tion of the renal arteries in suspected cases. Based on our
experience with 431 renal artery duplex scans performed over
the last 2.5 years, it is evident that this technique speeds the
initial evaluation of selected hypertensive patients, and when
negative provides reassurance that a treatable lesion is not
present. In addition, in elderly patients and in patients with
renal failure thought not to be candidates for "screening"
arteriography duplex scanning has revealed treatable lesions of
the renal arteries.
It must be recognized that duplex scanning of the renal
arteries is the most difficult examination that we have to
perform. The exam can be time consuming to carry out,
requiring a great deal of patience on the part of the technologist.
Our technologists have become very facile at doing the exam-
ination but it is very operator dependent. It also has to be noted
that about 10% of patients cannot be studied due to obesity,
excess bowel gas, and previous abdominal surgery. Addition-
ally, it is also difficult to identify lesions in branch arteries and
accessory renal arteries. Color flow imaging may be of some
help here but we are just now beginning to explore the use of
this modality.
Duplex scanning of the renal arteries is currently at the same
stage that duplex scanning of the carotid arteries was five years
ago. As in carotid artery stenosis, these data demonstrate that
while arteriography gives important anatomic information, du-
plex scanning allows similar localization of the lesion and may
be better for estimating the functional importance of a stenosis.
We do not feel that duplex scanning of the renal artery will
replace arteriography. Rather we feel that duplex scanning will
become the standard screening tool for detection of renovascu-
lar disease in patients with hypertension with or without renal
failure. Moreover, as already suggested in a previous study
[28], duplex scanning should become the standard test to follow
patients after angioplasty or bypass operation.
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